Mouse exposures. The experimental design is given in Table 1 . Eighty two-month-old female BAF I mice, obtained from the Jackson Memorial Laboratory, were exposed to p31 vapor and 80 were exposed to an aerosol of AgIl31 particles. Immediately following exposure and at intervals up to 90 hours after exposure, groups of 10 mice were killed for radiochemical assay of all tissues. The tissues were digested with a 0.25 N sodium hydroxide solution, and aliquots were plated and counted with an end-window Geiger-Muller tube. The method for exposing mice to radioactive aerosols was described in detail by WILLARD et colI. (1958) . Briefly, mice were individually placed, head first, in 50 ml conical centrifuge tubes with the bottom one-half inch (12.6 mm) removed to give a three-eighths inch (9.5 mm) opening. The tubes, plugged with tissue paper and stoppered, were inserted into ports drilled into the side of a verticle exposure chamber constructed of 16 inches (407 mm) of 8 inch (204 mm) (0. D.) lucite pipe. The chamber held 84 tubes in 7 rows of 12 each. The aerosol was admitted at the top and exhausted at the bottom through a 0.5 N sodium hydroxide scrubber to remove p31 vapor and through an electrostatic precipitator to remove AgP31 particles before the air was exhausted from the building. Samples of the aerosol in the chamber were collected by pulling known quantities of air through four small sodium hydroxide scrubbers for p31 vapor or through four millipore filters (type AA, manufactured by the Millipore Filter Corporation) for AgI'31 particles. Radiochemical assay of the scrubbers and filters gave the average concentration of 1'31 in the chamber during the exposure period. Fig. 1 is a photograph of the exposure chamber within a glove box.
Sheep exposures. Six, nine-month-old purebred male Suffolk sheep weighing 60 to 70 kilograms, were used in this experiment. Their diet consisted of chopped alfalfa and a grain mixture fed twice daily (BUSTAD 1952) . The sheep were kept in metabolism cages and were monitored by duplicate neck counts with complete repositioning of collar each time the animal was monitored. A thyroid monitoring device, specifically designed for sheep, was used to detect the gamma radiation emanating from the gland region (HERDE et colI. 1952) . Background count was determined by placing the monitoring instrument on the rump of the animals. Sheep were exposed by a method similar to that used for mice except that the p31 aerosol was drawn into a plastic bag which was contained in a round cardboard shipping crate 28 inches (712 mm) in diameter. A mask was attached to the bag through a lucite cover on the container with a one-inch (2.54 mm) pipe fitting, and a three-way valve. Sheep inhaled the aerosol from the bag and exhaled into a sodium hydroxide trap.
Parenteral injections were made using a 10 ml syringe fitted with a 22 gage needle, the intraperitoneal injection being given in the paralumbar fossa and the subcutaneous injection given in the inguinal region. Oral administrations were made by feeding sheep food pellets containing NaP31.
Generation rtf iodine vapor. Iodine vapor was generated by the method of DAILEY (194-5) and modified by SELDERS (1956) . All glassware and the exposure chamber were treated with dri-film (dimethyldichlorsilane, General Electric Company). A generator was fashioned from a 100 ml test tube, Fig. 2 . Four ml H 20, 1.25 ml NaP31 (14-.3 mC -purchased from the Oak Ridge National Laboratory), 6 g FeSO, and 0.5 ml H 2SO, were placed in the generator. With the generator connected to the exposure chamber and 500 cc air per minute being bubbled through the mixture in the generator, one ml H 202 was added to start the release of iodine vapor. After 30 minutes the reaction was stopped by the addition of one millilitre saturated sodium bisulfide.
AgI131 particles. AgP31 particles were prepared by adding 2 mg of I as NaI, 1.25 ml NaP31 (15.57 mC), and 0.1 ml 0.1 N AgNO. to 23 ml H 20 in a 125 Erlenmeyer flask on a magnetic stirrer. After being stirred for IS minutes, at room temperature, the suspension was filtered through a millipore filter. After addition of 0.1 ml AgNO. the filtrate was stirred for one hour longer, then filtered through the same millipore filter. The filtrate was discarded and the filter containing the precipitate was placed in a 50 ml conical centrifuge tube. The millipore filter was dissolved by washing and centrifuging twice with 3 ml acetone. The precipitate was then washed with water and suspended in 20 ml of 0.1 per cent aqueous polypropyleneglycolethylene oxide polymer (Wyandotte Chemical Company) solution. Before transfer to the aerosol generator, the particles were placed on an ultrasonic generator for several hours to break up aggregates. The solubility of AgP31 prepared in this manner was 2 per cent in H 20 and 34 per cent in Ringer's solution at 3]0 C. The generator used to VAPOR TO MOUSE EXPOSURE CHAMBER (f) .., W J:
atomize AgP31 particles from the Pluronics suspension was described by WILLARD et coll. (1958) . With this generator dispersal of the particles in a fog was effected by forcing air at 20 psi through an orifice (No. 80 size hole) in the side of a 12 gage spinal needle at the end and inserted into the suspension to a level placing the orifice just above the surface of the suspension. The fog was then passed into the exposure chamber. The particles collected on millipore filters from the exposure chamber were sized by electron microscope examination. The mean size was about 0.25 microns by count.
Results
Mouse experiments -]131 vapor. The average concentration of J131 in the chamber during the 30 minute exposure period was 2.2 X 10-2 ftCjcc air. It was assumed that mice inhaled an average of 25 cc air per minute (W ADC Technical Report, 1956 and GUYTON 1947) . A similar tidal volume was observed in this laboratory. It was estimated, then, that 16 ftC of J131 were inhaled by each mouse. About 60 per cent of this was deposited in the mouse and the remainder apparently exhaled. The distribution of J131 vapor in the mouse is given in Fig. 3 . The per cent of the J131 inhaled that was present in each tissue is shown as a function of time after exposure. The rapid initial transfer of 1 131 to the circulatory system not only from the lung but from the upper respiratory and the gastrointestinal tracts is indicated by the high 60 70
Time aftar exposure (hours) Fig. 3 . Distribution of 1'31 in mice after inhalation of 1'31 vapor. After 30 min exposure to 1.2 X 10-2 /-,C p3l vaporjcc air.
percentages present in liver, kidney, and spleen. As the level in these tissues and in lung and gastrointestinal tract decreased, the quantity in thyroid increased. The maximum level in the thyroid was 0.4 ftC and occurred about 30 hours after exposure. This was about 2.5 per cent of the total quantity of J131 or about 4 per cent of the total deposited. Forty-eight hours after exposure the quantity in thyroid began to decrease. The apparent clearance of J131 from lung (half-time of two to four hours) is in reality probably the rate of clearance of J131 from blood because similar clearance rates were observed for liver, kidney, and gastrointestinal tract. The actual clearance from lung was undoubtedly almost instantaneous.
AgI131 particles. The average concentration of AgJ131 in the chamber during the two-hour exposure period was 3 X 10-3 ftC/cc of air. The total quantity inhaled per mouse, assuming an average of 25 cc of air breathed per minute, was 9 ftC. Of this only about one ftC or 12 per cent was deposited and the remainder probably exhaled. The distribution of J131 in the mouse after inhalation of Ag1 131 particles is shown in Fig. 4 . About 2 per cent of the total quantity breathed was in the lung at the end of the exposure period, about 6 per cent in the gastrointestinal tract and 2 per cent in liver. Again the rapid transfer of J131 to blood was indicated by the early presence in spleen, kidney, adrenals, and liver. The apparent four to six hours half-time required for clearance of J131 from the lung was again probably the clearance of 1 131 from Time after exposure (hours) Fig. 4 . Distribution of p3l after inhalation of AgP3l. After 2 hrs exposure to 3 X 10-3 f'C AgP3lfcc air.
blood. The maximum level in thyroid was attained after 10 hours and was about 2 per cent of the total quantity inhaled. For comparison of the distribution of 1 131 in tissues after inhalation of P31 vapor with distribution after inhalation of AgP3l particles, the percentage of the total body burden per tissue is plotted against time in Fig. 5 . In these calculations the eviscerated carcass was excluded to eliminate errors due to surface contamination of the fur. Data for spleen, adrenals, and ovaries are not included because these organs contained a relatively small per cent of the total P31. The maximum amount in the thyroid was 60 per cent of the body burden and occurred about 50 hours after inhalation of either P3l vapor or 'insoluble' AgI particles.
Sheep experiments. Three sheep were exposed to P3l vapor and three to AgP3l particles via the respiratory route. The total microcuries of P3l inhaled (but not necessarily deposited) were estimated from the concentration in the chamber, the duration of the exposure and the average minute volume determined during many pre-P31 exposure test runs. The P3l inhaled varied from 180 to 290 ftC for three sheep ( Table 2) error. In one sheep, about 2 per cent of the J131 inhaled was in the thyroid 20 hours after exposure. The time of maximum uptake by thyroid varied from 20 to 24 hours, which was less than when 1 131 vapor was inhaled.
To test the relative behavior of 'soluble' and 'insoluble' forms of J131, NaJ131 was given orally, and AgJ131 was given orally, subcutaneously, and intraperitoneally to four of the same sheep used in inhalation experiments. In all of these, the time for maximum uptake (40 to 60 per cent of the J131 given) in thyroid was 28 to 34 hours. The biological half-life was four and one-half to seven days, and except for one sheep, was about the same that was observed after inhalation. DAILEY (1945) , using anesthetized rats breathing J131 through tubes inserted into the tracheas, found that 10 per cent of the inhaled J131 was deposited during a 30 minute exposure. Of that deposited, only 5 per cent was in the lung of rats killed immediately after the exposure. In this study, where the exposure was not confined to the lungs, about 60 per cent of the J131 inhaled was deposited after a 30-minute exposure. Only about 4 per cent of that inhaled was in the lungs. This was about 7 per cent of the whole-body burden, or of the total amount retained.
Discussion
DAILEY also found that the thyroid reached a maximum of about 10 per cent of the deposited dose of J131 after 48 hours. In the present study with mice, the level of 1'31 in the thyroid reached a maximum of 4 per cent of the deposited dose after 30 hours. In view of the many factors which affect thyroid uptake of iodine, one of the most important being the total iodine content of the diet, the results of the two studies are not in marked disagreement. No attempt to control the iodine intake via the diet was made in either study, although it was known that the daily iodine intake for sheep was 0.3 to 0.5 mg. DAILEY administered 1'31 by intratracheal tube, thus limiting the area of absorption to tracheal and pulmonary tissue. The absorption of 1'31 may be more rapid and more complete in pulmonary tissues than in the upper respiratory and gastrointestinal tract. In this study a large fraction of the 1'31 was deposited in the upper respiratory passages and gastrointestinal tract. This might account for the absorption as being less than reported by DAILEY. As in this study, DAILEY found the apparent clearance rate of 1'31 from lung to be almost identical to that from the rest of the carcass and concluded that the observed lung activity was really blood activity. In both of these inhalation studies, the percentage of 1'31 reaching the thyroid was lower than the 15 to 80 per cent reported after other routes of administration (BUSTAD et colI. 1957) .
The values estimated for the total quantity of 1 ' 31 inhaled, but not necessarily deposited, can reflect several possible errors. These include the assumed value for the minute volume and the measurement of the average concen-tration of JI31 in the inhaled air. It is unlikely, however, that the estimated percentage of inhaled JI31 that was accumulated in the thyroid following inhalation of JI31 vapor (2.5 per cent in mice and 3 to 7.5 per cent in sheep) was in error more than a factor of two. The total deposition of inhaled AgJt31 particles (12 per cent in mice), however, was considerably lower than the 60 to 80 per cent observed in mice after inhalation of PU23902 or RUl0602 (BAIR 1960) . Neglecting the possibility of errors occurring in collecting and counting the AgJt31 particles or in the assumed minute volume, the difference may be due to particle shape. The mean diameter of particles was between 0.2 and 0.3 microns which was comparable to the RU 1060 2 and PU 23902' Under electron microscopic examination the AgJt31 particles appeared as small spheres. RUl0602 particles were three-dimensional chain aggregates and Pu 239 0 2 particles were aggregates of cubes.
The results with sheep were in general agreement with those with mice. Maximum thyroid uptake of 1 131 occurred sooner after exposure to AgJt31 (10 hours in mice and 20 to 24 hours in sheep) than for JI31 vapor (30 hours in mice and up to 35 hours in sheep).
The biological half-lives for iodine in the thyroids of the nine-month-old sheep used in this study ranged from four and one-half to seven days. Values of 14 to 46 days were observed in earlier studies in which ten-month-old sheep were fed food pellets containing 1 131 (HEALY et colI. 1957) . The reason for this difference is unknown since dietary iodine levels were the same for the sheep used in both studies. It was unexpected that the translocation from the site of injection of both subcutaneous and intraperitoneal particles would be as rapid as from inhaled or ingested vapors or particles. This rapid translocation further emphasizes the unusual properties of the body fluids in the solubilization of inert particles and their immediate transport to specific organs or tissues. The apparent tissue solubility of AgI was unexpected even though the solubility of AgI used in these experiments was 2 per cent in H 20 and 34 per cent in Ringer's solution. After inhalation there was little difference between the absorption of JI31 administered as a gas and as silver iodide particles. Similar rapid translocation was observed following introduction of Sr 90S0 4 into dog's lung (SMITH et colI. 1959 ). However, SrS0 4 is much more soluble in water and acids than is AgI. These results also emphasize the unusual properties of body fluids and show that one cannot always predict what will occur in body tissues on the basis of tests with pure solvents alone.
Conclusions
These studies confirmed the often observed rapid absorption of Jt31 by tissue, occurring even when given in a relatively insoluble form, AgI. In mice at least 60 per cent of the inhaled JI31 vapor was deposited. Twenty to 40 hours later the thyroid contained 2.5 per cent of the total inhaled. This may have been as high as 7.5 per cent in sheep. These results are not in complete agreement with the data tabulated by the International Commission on Radiological Protection (1959) . Seventy-five per cent of the quantity inhaled is expected to be deposited in the whole body and 23 per cent will be translocated to thyroid tissue.
